Abstract: Bringslimark, Hartig, and Pati conducted a literature review of empirical studies investigating the psychological benefits of indoor plants, all of which adopted an experimental design and were written in English. However, the researchers did not follow the rigorous Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) protocol. Additionally, the reviewed data were obtained at least a decade ago, and thus require an update. Therefore, the present article reports a systemic review of the quantitative empirical research (in English and Chinese) exploring the effects of indoor plants on subjective psychological perceptions. The information sources were mainly Web of Science (1900-) and WANFANG DATA (1980-), in which only empirical studies using quantitative methods were selected. The eligibility criteria were studies (1) involving any participants, (2) regarding indoor plants (real or surrogates) as an intervention, excluding those equipped with a power-driven biofilter, (3) involving comparators to facilitate within-subject and between-subject comparisons, (4) presenting psychological perceptions as outcome measures, and (5) of all study designs. The two authors collected 45 journal papers (with 50 studies in total). The (1) authors and publication years, (2) participants' nationalities, sex, and age, (3) number of interventions, (4) duration of plant exposure, (5) participant-plant distance, (6) experiment room size, (7) room climate (i.e., lighting, temperature, and humidity), (8) study designs (i.e., experimental, field experimental, quasi-experimental, field quasi-experimental, or survey designs), and (9) self-reported perceptions (i.e., emotion, cognition, health, restoration, thermal comfort, productivity, and satisfaction) were identified and reviewed. These 50 studies were also analyzed for their quality. Most had moderate research quality. The synthesized results of the reviewed studies showed that the most noticeable effects of indoor plants on participants were increasing positive emotions and reducing negative feelings, followed by reducing physical discomfort. Because members of the general public today spend most of their time indoors and are faced with increasingly severe problems associated with physical-mental health and wellbeing, the application of indoor plants to improving people's physical-mental health is worth exploring.
Introduction
People today spend 80-90% of their time indoors [1] , limiting their opportunities to be exposed to a natural environment that is physically and mentally healthy. To improve their living and work spaces, people place plants indoors [2] because plants serve as a symbol of nature [3, 4] . Growing indoor plants has a long history. For example, records show that Egyptians were growing indoor plants in 300 BC. Indoor plants were also unearthed at Pompeii, an Italian city buried by volcanic ash nearly 2000 years ago [5] . Empirical studies confirm the positive effects of indoor plants on physical and mental health and wellbeing [6, 7] in an era in which people face increasingly severe problems of health and wellbeing [8] .
According to the World Health Organization, by 2020 the three diseases that will deserve the most attention in the world are depression, cardiovascular disease, and AIDS. Depression is the disease that causes the greatest human disability and the second greatest societal burden [8] . If indoor plants can improve mental health, human resources and medical expenditures would both benefit. In addition, indoor plants consume little energy, absorb carbon dioxide, decelerate global warming, and contribute to ecological diversity. Thus, they contribute to both public health and sustainable development.
Therefore, research should focus on the physical and mental health benefits brought by growing indoor plants. However, few studies on the nature-generated benefits to physical-mental health [9, 10] have investigated indoor plants. One review found only 21 studies using experiments to determine the mental health benefits of indoor plants [3] . To address this research gap, the present article conducted a systematic review of English and Chinese quantitative empirical studies focusing on the effects of indoor plants on psychological perceptions. Bringslimark et al. only reviewed empirical studies that had conducted experiments on indoor plants to examine their effects on human mental health, and all the papers they reviewed (all were in English) were published in 2009 or earlier [3] . Additionally, their study did not follow the rigorous Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) protocol [11] . Because the study was conducted 10 years ago, a review article with the latest data is necessary. The present study reviewed literature in both English and Chinese because they are among the most common scholarly languages worldwide. The literature in less common languages such as Hindustani, Spanish, Arabic, Malay, Russian, Bengali, Portuguese, and French [12] was not included in this review.
This review study contains three major sections. The first focuses on the systematic search for the studies of interest. The second provides a structured overview of the compiled studies and synthesized results of these reviewed studies rather than analyzes individual features of these studies. The third assesses each study for its research quality in terms of construct validity, statistical conclusion validity, external validity, and confounders. Again, the systematic review and the quality appraisal of this present study tend to emphasize the summarized and synthesized features of the included studies rather than criticize each study. The objective of this review article is to provide a comprehensive, reliable, and updated answer to the question of the effects of indoor plants on people's psychological perceptions.
Materials and Methods
The present review article followed PRISMA protocol despite its emphasis on evaluating randomized trials and interventions of studies involving participants [8] . Of the 27 PRISMA checklist items, this present article included 20 items, namely (1) title, (2) abstract, (3) introduction (i.e., rationale and objectives), (4) methods (i.e., eligibility criteria, information sources, search, study selection, data collection process, data items, risk of bias in individual studies, and summary measures), (5) results (i.e., study selection, study characteristics, results of individual studies, and additional analysis), (6) discussion (i.e., summary of evidence, limitations, and conclusions), and (7) funding.
Eligibility Criteria
The eligibility criteria of participants, interventions, comparators, outcome measures, and study design were studies (1) involving any participants, (2) using indoor plants (real or surrogates) as an intervention but excluding plants equipped with a power-driven biofilter, (3) involving comparators to facilitate within-subject or between-subject comparisons, (4) presenting outcome measurements based on any psychological perceptions, and (5) of all study designs, respectively. Furthermore, the papers had to be written in either English or Chinese.
Information Sources
The Web of Science (1900-) and WANFANG DATA (1980-) databases were the main information sources for this review. The latest dates for data retrieval from Web of Science and WANFANG DATA were 21 and 22 May 2019, respectively.
Search
The selected search keywords were as follows: Indoor plant, indoor vegetation, air quality, perception, psychology, emotion, physiology, cognition, restoration, behavior, and health [13] . Only the Boolean search operator "and" was adopted; for example, "indoor plant and air quality" and "indoor vegetation and perception." The researchers also examined the reference list of each collected study and continued to search for more literature using a simple forward snowball process.
Study Selection
This article only reviewed empirical and quantitative journal papers, excluding books and unpublished theses. Empirical research refers to research with actual data and analyses, whereas quantitative research is conducted using statistics, mathematics, and calculations to discuss proposed questions [14] . Published journal papers are rigorous because they have been peer-reviewed. Regarding quantitative research that determines causal relationships among variables, randomized experimental designs outperform nonrandomized quasi-experimental designs, and quasi-experimental designs outperform survey designs [15] . In practice, a field experiment yields greater ecological validity than does a laboratory experiment [16] .
Data Collection Process
One researcher entered keywords into the aforementioned databases to search for titles and abstracts meeting the eligibility criteria. If the title and abstract of an article were lacking the required information, the researcher then reviewed the entire article. Each study of a searched paper found in this process was assessed by the researcher. Next, the other researcher assessed the full text of all eligible journal papers. As the two researchers had different opinions on 16 papers, they discussed these until they reached a consensus.
Data Items
The following items were analyzed in the literature review section: Sources, populations, interventions, study designs, psychological perceptions, outcomes, and publication language.
Risk of Bias in Individual Studies
Because most collected studies adopted experimental or quasi-experimental designs, experimental and control groups were involved. Additionally, several studies comprised multiple experimental groups, such as a group with numerous plants and one with a moderate amount [17] . However, unlike clinical research, interventions cannot be randomly distributed to participants when performing quasi-experiments, particularly for field research. Consequently, sequence generation cannot be applied to quasi-experiments, field quasi-experiments, and surveys to reduce the risk of bias. Moreover, concealing the allocation sequence of interventions from those assigning interventions to participants is difficult because indoor plants are easily noticed, leading to the failure of allocation concealment. Similarly, blinding participants to whether they have received an intervention can possibly fail. The risk of incomplete outcome data caused by exclusion and attrition biases can occur. In addition, authors have tended to report results with significance; the risk of selective outcome reporting is inevitable because journals tend to publish papers reporting significant results [18, 19] . 
Study Characteristics
This study reviewed the following elements of the selected studies: (1) authors and year of publication, (2) nationality, sex, and age of participants, (3) number of interventions, (4) duration that participants were exposed to indoor plants, (5) distance between plants and participants, (6) size of the experiment room, (7) ambient environment of the room (i.e., lighting, temperature, and humidity), (8) study design (i.e., experiment, field experiment, quasi-experiment, field quasi-experiment, or survey), (9) self-reported perceptions (emotions, cognition, health, restoration, thermal comfort, productivity, and satisfaction), (10) results, and (11) publication language (English or Chinese). Table 1 summarizes the results of each study of each included article. However, not every study provided means and standard deviations. Additionally, several studies contained more than one experimental and control group. Furthermore, a few studies explored more than one type of 
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Results of Individual Studies
Chinese
The experimental settings in the 50 studies sampled herein varied widely.
(1) The smallest number of participants was 16 [49, 54] while the largest number of participants was 4293 [43] . (2) Not all studies reported the characteristics of the interventions using indoor plants, such as size, number, green cover ratio, and space occupied by the plants. For number of plants, the smallest was one [20, 29] while the largest was 45 [7] . (3) A total of 35 studies (70%) reported the duration of the exposure to the indoor plants, with the shortest time being two minutes [45, 46] and the longest 12 months [25] . (4) Only eight studies (16%) reported the distance from the participants to the indoor plants, with the shortest distance being 0.5 m [45] [46] [47] 58] and the longest 2.9 m [29] . (5) A total of 21 studies (42%) reported the room size, with the smallest being 10 m 2 [23, 25] and 24.219 m 3 [28] and the largest 10,000 m 2 [52] . (6) Only 13 studies (26%) reported the room climate (15-27 • C, 34-70% humidity, 420-1365.5 lux) ( Table 1) .
Additional Analysis
Five papers in Chinese (11.11%) and 40 in English (88.89%) on empirical research into the effects of indoor plants on psychological perceptions were reviewed. The publication years ranged from 1979 to 2018, a period of 40 years. By evenly dividing the 40-year period into 10-year intervals, this review discovered that the number of English papers has substantially increased since 1999. Prior to 2009, however, no Chinese article concerning said effects was found ( Table 2 ). This suggests that Chinese became interested in this area only recently. Because several of the 45 papers in our sample simultaneously adopted multiple study designs, the present review compiled the total number of study designs adopted by the papers in question. A total of 49 study designs were identified, among which an experimental design was the most frequently used (19 times; 38.78%), followed by a field experimental design (11 times; 22.45%), survey design (10 times; 20.41%), field quasi-experimental design (five times; 10.20%), and quasi-experimental design (four times; 8.16%) ( Table 3 ). Given that an experimental design has good internal validity [16] , it was used most often in the studies examining the effects of indoor plants on the psychological perceptions. Since a field experimental design has good ecological validity [16] , its application to investigate the effects of indoor plants on the psychological perceptions should be encouraged. In addition, several studies explored multiple psychological perceptions, among which emotion was the most frequently investigated (31 times; 56.36%), followed by health (11 times; 20.00%), restoration (five times; 9.09%), which means recovery of physical and psychological resources [62] , and cognition (four times; 7.27%). By contrast, knowledge, thermal comfort, satisfaction, and productivity were discussed only once (1.82% each) ( Table 4) . Because emotions are regarded as the fundamental factor influencing environmental perception [63] , they were unsurprisingly the top subject in evaluating the effects of indoor plants on humans. Most studies recruited US citizens as participants (nine studies; 20.45%), followed by South Korean citizens (seven studies; 15.91%). Norwegian, Dutch, Taiwanese, and Chinese participants were each investigated by five studies (11.36%) ( Table 5) . However, some studies did not provide information regarding the nationality of the participants. Among the included studies, 22 recruited Caucasians, 21 recruited Asians, and one recruited Africans. The uneven representation of ethnicity may be due to the selected languages of publications (English and Chinese). Not every study reported participant nationalities.
The included journal papers were analyzed using the quality appraisal system created by Ohly et al. [64] . This system comprises quality indicators from the Centre for Reviews and Dissemination [65] , critical appraisal checklists from the Critical Appraisal Skills Programme [66] , and the quality assessment tool for quantitative studies from the Effective Public Health Practice Project [67] , for a total of 19 appraisal items (Table 6 ). Responded to query about "uncertain" ratings Yes NA
ITT: intention to treatment. Yes = 2; Partial (Pa.) = 1; No = 0; Unclear (Un) = 0; NA = criterion not applicable to this study design. Any changes made after consultation with study authors are highlighted in boldface.
The 45 papers containing 50 studies showed relatively low performance in the following aspects in relation to the appraisal items. (1) None of the studies (0%) met the requirement of intention-to-treat analysis. In other words, not all randomly assigned participants were included in the final analysis, mainly because of missing data provided by these participants or participant attrition during experiments. (2) Only one study (2%) had a representative sample of the target population, and most studies focused on college students. (3) Only two studies (4%) calculated statistical power. (4) Only two studies (4%) defined a baseline for their participant groups before interventions were administered. (5) Only three studies (6%) had their data analysts blinded to the group assignment of participants. (6) Only eight studies (16%) recruited participants who had similar socio-demographics.
By contrast, the included papers performed well in the appraisal items as follows. (1) A total of 49 studies (98%) conducted individual-level analyses of their participants. (2) The intervention measures and control designs were explicitly described in 47 studies (94%). (3) A total of 47 studies (94%) employed statistical methods that were suitable for their study designs. (4) A total of 44 studies (88%) collected data with consistency. (5) All participants in 38 studies (76%) after excluding those with missing responses were included in the final analysis. (6) A total of 32 studies (64%) adopted consistent intervention measures within and between groups. (7) Random assignment was applied in 30 studies (66.67%) ( Table 7) . These included papers (with 50 studies conducted) yielded an average quality score of 16.98 (out of a possible 38), achieving 44.68% of the full score, suggesting a moderate research quality (low: 0-33%, moderate: 34-66%, high: 67-100% [64] . In addition, 29 authors of the selected papers were contacted to clarify unclear data provided in their studies during the quality appraisal process, yet only nine authors replied (31.03%). 
Discussion
Summary of Evidence
The synthesized results of the 50 reviewed studies with relatively heterogeneous features and a moderate research quality indicated that an indoor space with plants more strongly and positively affects participant psychological perceptions than a space without plants. Rooms with plants were perceived to be more comfortable with more and/or stronger positive emotions (friendliness, kindness, happiness, cheerfulness, calmness, peacefulness, pleasantness, relaxation, and warmth) and less and/or weaker negative emotions (pressure, anxiety, and fatigue) than rooms without plants, which led to a greater quality of life. Additionally, participants reported greater concentration, productivity, and academic performance in indoor spaces with plants. In brief, the selected 45 papers (containing 50 studies in total) provided relatively reliable evidence for and supported the argument that indoor plants generate positive self-reported perceptions. Further research should be conducted to determine whether these subjective perceptions are consistent with objective behaviors and performance.
More importantly, indoor plants, even as few as only one 45 × 45 × 45-cm flower pot [20] , one 150-cm-tall plant pot [29] , three flower pots [24] , and five plant pots [24, 26] were conducive to positive psychological perceptions. A recent study suggested that a very few indoor plants benefit peoples' psychological perceptions and this conclusion is unlikely to be due to the effect of adding something new [68] . In addition, the time of the exposure to the indoor plants needed for positive perceptions is less than 20 min [26, 27, 29, 49, 54, 55, 59] . When the distance to the indoor plants is less than three meters, the participants have positive perceptions [27, 29] . Therefore, using indoor plants to increase the occupants' positive psychological perceptions is a highly achievable, feasible, and effective means, which does not cost much energy and money. Given that most of the world spends most of its time indoors [11] , the benefits of bringing plants indoors could be great.
In addition to the investigations of the presence and absence of indoor plants, some of the included papers examined the effects of variations in plant-participant distance, exposure duration, plant type, plant scent, leaf and flower colors, and real plants and plant photos on self-reported perceptions. Placing a plant near participants increased the setting's attractiveness. Levels of comfort and positive emotions increased with the duration of exposure to plants. Furthermore, the effect of real plants was stronger than that of plant photos [38] . Purple, green, red, pink, and white plants could reduce negative emotions including anxiety and anger, particularly purple and green plants [45] . Green plants of different shades of green exerted different effects on psychological perceptions. Specifically, yellowish-green and fresh-green plants enhanced the comfort and calmness of participants, whereas greenish-white plants could stimulate negative emotions [58] . However, the aforementioned effects on perceptions have rarely been examined, and thus, replications are required for verification.
Limitations
Among the 50 included studies, only 10 (20%) used surrogates of plants (slides and photos), while most studies used potted plants (Table 1 ). This shows that potted plants are a commonplace type of indoor plant. However, there are other types of indoor plants, such as movable room dividers with plants, permanent planting beds, and green walls. This review article included only a few studies using other types of indoor plants because (1) the search keywords did not include interior, architecture, building, greenery, greening, and green; (2) the eligibility criteria excluded power-driven biofilters; and (3) studies of indoor green walls remain scarce at present [69] . Future studies should use more search keywords to increase the number of eligible papers. Thus, the pre-specified eligibility criteria determine the search outcomes [19] .
The quality appraisal results revealed that the 45 papers with 50 studies were of moderate quality on average, with no article reaching the high quality level. Furthermore, only 12 studies (24%) calculated the means and standard deviations of their results (Table 6) , creating difficulty for the subsequent meta-analyses. Among the included papers, only five (11.11%) were written in Chinese.
Most papers, regardless of language, focused on identifying the effects of the presence of indoor plants on psychological perceptions. Future research should explore the effects of more detailed aspects of the plants (e.g., plant amount, type, shape, color, scent, flower, and foliage) on perceptions, which are related to construct validity. In addition, only two studies (4%) reported power calculation, and most did not report the effect size, which are associated with the validity of the statistical conclusions. Moreover, most of the reviewed papers investigated student perceptions, which does not allow their results to be generalized to other groups, a signal of external validity. Furthermore, 23 studies (46%) did not provide information of the participants' age. Future research should also report on the details of experimental settings such as exposure duration to the indoor plants, distance between participants and indoor plants, visual angles, size of the experiment room, and room climate (e.g., lighting, temperature, and humidity), which may have confounding influences. Among the 45 included papers, only five papers (11.11%) provide detailed information on participants, interventions of indoor plants, exposure time, distance to plants, room size, and room climate [45, 46, 50, 51, 58] (Table 1) . Some of these issues were advocated by Bringslimark et al. [13] a decade ago. Issues regarding construct validity, statistical conclusion validity, external validity, and confounders of the studies of the indoor plant effects on people have yet to be treated appropriately in more recent studies.
Suggestions
More studies are needed to verify the effects such as plant size, plant amount, flower, foliage, distance, exposure duration, and even shape, color, and scent in order to provide specific guidelines and/or regulations for indoor plants [70] . For the indoor plants to survive, scholars should research room climates, to provide information for guidelines and/or regulations. A standardized study protocol should be established and followed in future research, which would be conducive to the transparency, reproducibility, construct validity, statistical conclusion validity, external validity, and reduction of confounding variables. Then meta-analyses can be conducted with studies of high research quality, enabling accurate and reliable synthesized results evaluating the effects of indoor plants on the psychological perceptions across many studies. In addition, some measurement units should be standardized. For example, the plant amount can be measured as green cover ratio or the space occupied by the vegetation and the room size can be measured as floor plan area or space volume.
Conclusions
The number of published papers investigating the effects of indoor plants on psychological perceptions has substantially increased since 1999 ( Table 2 ). The 45 papers collected by this review study demonstrated that indoor plants positively affect self-reported perceptions. Specifically, indoor plants can boost positive emotions, reduce negative feelings, and relieve physical discomfort. To increase positive psychological perceptions, simple exposure to a couple of flower or foliage pots either with a small or moderate size at distances of within three meters to the occupants in a room for about 20 min is recommended. The beneficial effects of indoor plants provide practical references for policy makers, environmental planning and design professionals, and the general public. Because people today spend most of their time indoors [1] and are faced with increasingly severe physical and mental health and wellbeing problems [8] , the use of indoor plants to provide physical and mental health benefits deserves more attention. This is not only a matter of public health but also of economic, societal, and environmental sustainability. Hopefully, guidelines and/or regulations for indoor plants will soon be established. 
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